Diabetic nephropathy (DN) is the leading cause of end-stage renal disease (ESRD).[@ref1][@ref2] There are tremendously increasing trends in the incidence of diabetes and DN, signaling a medical catastrophe in dialysis units which results in a greater consumption of economic resources.[@ref3][@ref4] In Saudi Arabia alone, approximately 11 000 patients have ESRD, and 20% is due to diabetes.[@ref4][@ref5] The cost of care with dialysis in Saudi Arabia amounts to US\$14 000 per patient per year and the total economic burden exceeds US\$540 million.[@ref6] Unfortunately, all DN patients hardly achieve the international guideline-recommended target levels.[@ref7] Recently we reported that the complication rate associated with type 2 diabetes was 32% for renal and 23% for cardiovascular complications.[@ref8][@ref9]

Socioeconomic factors, age, gender, diet, obesity and the high incidence of hypertension play an important role in the progression of diabetic nephropathy. Uncontrolled blood pressure is known to be deleterious, but other factors may become more important once BP is treated.[@ref10]--[@ref15] Several studies have identified age,[@ref16][@ref17] male gender,[@ref17] lower initial glomerular filtration rate (GFR),[@ref14]--[@ref18] first--hospital-visit fasting plasma glucose[@ref18] and concomitant presence of retinopathy[@ref19][@ref20] as important risk factors for GFR decline. The proteinuria itself is a major risk factor for progression of DN.[@ref12]--[@ref15][@ref19][@ref20] Above all, these risk factors for progression of chronic kidney disease (CKD) in type 2 diabetes mellitus have not been fully elucidated.

The decline in GFR is highly variable, ranging from 2 to 20 mL/min/year.[@ref8][@ref9][@ref13]--[@ref21] Factors associated with progressive loss of renal function have not been studied extensively, though hypertension and proteinuria have been identified as important promoters; whereas glycemic control, the renoprotective effect of angiotensin receptor blockers and angiotensin converting enzyme inhibitors have been found to delay progression of nephropathy. The aim of our study was to evaluate the pattern and changes in GFR over time; and investigate the potential risk factors associated with enhanced loss of renal function and all-cause mortality among Saudis with type 2 diabetes and nephropathy.

PATIENTS AND METHODS {#sec1-1}
====================

The study included all Saudi patients diagnosed with type 2 diabetes in the period from January 1989 to January 2004. The medical records were obtained from a database scan at the Medical Records Division of the Security Forces Hospital in Riyadh, Saudi Arabia. The inclusion criteria were that the patient should have had at least 1 year of active follow-up with at least three measurements of laboratory parameters, and a persistent urine-dipstick macroproteinuria (+1 or greater on urine dipstick test) for 2 consecutive years; and/or serum creatinine (SCr) of \>130 μmol/L at the last visit; and/ or GFR of \<60 mL/min/1.73m^2^ at the last visit. This was based on the WHO criteria for diabetic nephropathy.[@ref22] Patients who presented to the hospital for dialysis or reached end-stage renal disease (ESRD) (GFR less than 15 mL/min) and those patients with less than 1 year of follow-up were excluded. The patients were followed until the last visit to the hospital or death, and determinants of renal function loss and mortality were evaluated yearly.

Data on demographic and anthropometric characteristics of patients, the duration of diabetes, family history of diabetes, the duration of follow-up, and medications were collected and recorded. Data on the first hospital visit, follow-up and last hospital visit; serum creatinine levels; fasting blood sugar (FBS); results of urinary dipstick for microproteinuria; and serum cholesterol were extracted from the main database of the hospital computer and matched to the corresponding dates of hospital visits. First hospital visit and follow-up readings for blood pressure were also noted. GFR was estimated using the Cockcroft-Gault equation.[@ref23] Mean values of blood pressure, blood sugar, serum creatinine, GFR and serum cholesterol at follow-up were calculated as the average of at least three readings within a year of follow-up and the time course was recorded.

Diabetic nephropathy, defined as the presence of positive persistent macroproteinuria as assessed by urine dipstickat least twice for at least two consecutive years from the first hospital visit to the end of follow-up; and/or serum creatinine \>130 μmol/L; and/or GFR \<60 mL/min/1.73m^2^. Proteinuria, assessed by urine dipstick test measures; macroalbuminuria, defined as +1, +2 or greater, and representing a protein concentration greater than 0.30 g/L. Persistent proteinuria was defined as macroproteinuria for more than twice from first hospital visit to the end of at least 2 consecutive years of follow-up as assessed by urine dipstick. Based on the guidelines of European Society of Hypertension--European Society of Cardiology[@ref24] and the of the American Diabetic Association,[@ref25] the following definitions were used: hypertension as systolic blood pressure \>130 mm Hg and/or diastolic blood pressure \>80 mm Hg; dyslipidemia as serum cholesterol of \>5.2 mmol/L and uncontrolled diabetes with FBS \>7.0 mmol/L.

After estimating GFR by Cockcroft-Gault method, patients were grouped according to CKD stages based on the first--hospital-visit GFR levels. Progression of nephropathy was defined using the changes in GFR levels from the first hospital visit to the last hospital visit, as follows: non-progressors when GFR levels over follow-up visits remained stable or showed improvement in CKD stage compared to the first-hospital-visit GFR; and progressors when a patient develops low GFR and moves to the next stage of chronic kidney disease, i.e., from stage 1 to stage 2 CKD.

Data entry was done using Microsoft Excel for Windows XP Professional edition. Statistical analysis was done using SPSS version 16.0 (SPSS Inc., Chicago, USA). The data were tested for normality of distribution and were presented as mean and standard deviation. Demographic data was analyzed descriptively. Significance of measured changes was assessed using the Mann-Whitney U test for continuous variables and chi-square and cross-tabulations for categorical variables. Pearson correlation was done for bivariate analysis. Linear regression analysis was used to determine the rate of decline in GFR for each patient, using all GFR values measured during follow-up. Multiple linear regression models using backward selection were used to evaluate the impact of variables at first hospital visit and at follow-up visits on the progression of nephropathy. Differences were assumed to be statistically significant when the *P* value was \<.05.

RESULTS {#sec1-2}
=======

First--hospital-visit characteristics of the 621 diabetic nephropathy patients that met inclusion criteria are shown in [Table 1](#T1){ref-type="table"}. Renal function was evaluated over a mean period of 10 (4.1) years with 3.3 (3-33) determinations of GFR per patient. At the first hospital visit, concomitant hypertension was seen in 528 (84.4%) patients, of whom 465 (88.1%) were on medication; of these 465 patients, BP was controlled in 189 (35.8%) patients. Also, there were 92 (14.7%) patients who were dyslipidemic; of them, 51 (55.4%) were on statins. Forty-three (46.7%) had controlled serum cholesterol. At the last visit, 577 (92.2%) patients had hypertension; 263 (42.0%) with systolic hypertension only, 134 (21.4%) with diastolic hypertension only and 180 (28.7%) with both systolic and diastolic hypertension. Five hundred forty-three (94.1%) patients were taking medications, and BP was controlled in 289 (50.1%) of these patients. At the end of follow-up, systemic blood pressure was 134.5 (9.5) mm Hg/ 77.9 (5.4) mm Hg (110-160/60-100), mean serum creatinine was 197.3 (173.4) μmol/L (52-1, 698), cholesterol was 1.2 (0.4) mmol/L (1-2) and GFR was 45.1 (24.1) mL/min/1.73 m^2^ (5-163.5).

###### 

First--hospital-visit (baseline) characteristics of 621 type 2 diabetic nephropathy patients followed for a mean of 9.9 years at the security forces hospital, Riyadh, Saudi Arabia
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Progression of nephropathy was observed in 455 (73.3%) patients. Among the progressors, 227 (49.9%) were females. Also, in this group of patients, obesity was seen in 364 (80.0%) patients; and hypertension in 421 (92.5%). Seventy-five (16.5%) of the progressors developed with ESRD and were eventually dialyzed. Among the 166 non-progressors, 100 (60.2%) patients were females, 115 (69.3%) were obese and 153 (92.2%) had hypertension. During follow-up, 250 (40.3%) patients doubled their first--hospital-visit serum creatinine in a mean duration of 9.98 (6.04 years) (range, 1-39 years). The mean rate of decline in GFR was 3.3 mL/min/year ([Table 2](#T2){ref-type="table"}).

###### 

Change from first hospital visit (baseline) to follow-up examinations 9.9 years later in progressors and non-progressors.
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The mean duration of diabetes was significantly longer among the progressors compared to non-progressors. Duration of follow-up was significantly longer among the progressors compared to non-progressors (10.4 \[3.9\] years vs. 9.0 \[4.4\] years, *P*=.001). Diabetes was diagnosed significantly earlier among the progressors compared to non-progressors (50.9 \[11.6\] years vs. 53.7 \[13.8\] years, *P*=.023). Nephropathy was diagnosed at a significantly lower age among non-progressors compared to progressors (57.9 \[15.0\] years vs. 62.7 \[11.3\] years, *P*=.003).

GFR at first hospital visit was significantly lower among non-progressors compared to progressors. Mean SCr at first hospital visit was significantly higher among non-progressors compared to progressors. FBS level at first hospital visit was also significantly higher among the non-progressors compared to progressors. Last-visit SCr was significantly higher among progressors compared to non-progressors. Last-visit mean GFR was significantly higher among non-progressors compared to progressors. Drop in GFR/year was significantly higher among progressors compared to non-progressors ([Table 2](#T2){ref-type="table"}).

The prevalence of concomitant complications was significantly higher among progressors. Progressors had a significantly higher prevalence of cataract, retinopathy, angina and neuropathy compared to non-progressors ([Table 3](#T3){ref-type="table"}). Mortality from all causes was significantly greater among progressors compared to non-progressors (14.9% vs. 9.0%, *P*\<.0001). The occurrences of myocardial infarction, stroke, diabetic foot infections and limb amputations were not significantly different between progressors and non-progressors (*P*\>.05) ([Table 3](#T3){ref-type="table"}).

###### 

Frequency of associated complications and treatment outcomes among progressors and non-progressors in 621 diabetic nephropathy patients
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All variables thought to affect progression of diabetic nephropathy, such as age, gender, age of onset of diabetes, age of onset of nephropathy, age at diagnosis of diabetes and nephropathy, duration of diabetes, duration of nephropathy, initial serum creatinine level, initial GFR level, serum cholesterol, blood pressure and blood sugar level, were subjected to univariate and multivariate analyses to assess the determinants of progression of nephropathy. Body mass index (BMI) (t=2.895, *P*=.004), known age at diagnosis of diabetes (t=2.533, *P*=.012), duration of diabetes (t=5.650, *P*≤.0001), first-hospital-visit serum creatinine (t=2.212, *P*= .027), first-hospital-visit FBS level (t=2.049, *P*=.041), systolic blood pressure (t=3.850, *P*≤.0001) and duration of nephropathy (t=-6.387, *P*\<.0001) together with male gender (t=5.009, *P*=.025), presence of cataract (t=6.698, *P*=.010), presence of retinopathy (t=6.427, *P*=.011), presence of neuropathy (t=7.642, *P*=.006) and persistent proteinuria (t=13.049, *P*\<.0001) were significantly associated with an increased rate of decline in GFR and hastened progression of diabetic nephropathy. [Figure 1](#F1){ref-type="fig"} shows the variables that were independently analyzed and were found to be associated with progression of GFR such that, the presence of persistent proteinuria alone would cause a yearly drop in GFR of 3.9 mL/year; presence of retinopathy, of 3.8 mL/year; high systolic blood pressure (SBP), of 3.5 mL/year; and duration of diabetes beyond 10 years was found to decrease GFR by at least 3.3 mL/year. Diastolic blood pressure and first--hospital-visit cholesterol level were not associated with the increased rate of decline of GFR and progression of nephropathy and were excluded from the final model. Multivariate logistic regression analysis showed that first--hospital-visit GFR \>90 mL/min/1.73 m^2^, duration of diabetes \>10 years, persistent proteinuria, systolic blood pressure \>130 mm Hg, presence of retinopathy and male gender are variables significantly associated with progression of nephropathy ([Table 4](#T4){ref-type="table"}).

![Rate of decline in GFR/year in relation to variables associated with progression of GFR and nephropathy in 621 diabetic nephropathy patients.](ASM-31-236-g004){#F1}
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First--hospital-visit (baseline) and follow-up variables associated with progression of nephropathy in 621 type 2 diabetic patients with nephropathy followed for 9.9 years
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DISCUSSION {#sec1-3}
==========

Diabetic kidney disease is considered to be an irreversible and progressive disease. In previous studies on diabetic Pima Indians, up to 50% were found to develop nephropathy at 20 years of age.[@ref26] However, the incidence of diabetic ESRD was noted to have declined significantly to 15 cases per 1000 patients in 2002.[@ref27] In this study, only 12.7% of the patients showed proteinuria, but 31.8% developed nephropathy. Though this rate of incidence appears to be of lesser magnitude as compared to that among Pima Indians, the role and impact of genetic susceptibility and race have not been fully elucidated. This observation in such genetically disparate populations suggests a primary role for socioeconomic factors, such as diet and poor control of hyperglycemia, hypertension and obesity. Obesity is seen in more than 70% of our studied population, contributing to higher risk of nephropathy.

In diabetic nephropathy, hyperfiltration occurs for a variable period, followed by a progressive decline of GFR once overt proteinuria appears. Furthermore, the rate of deterioration was found to be higher among patients with high initial GFR. In these patients, the glomerular hyperfiltration that occurs initially increased the risk for diabetic renal disease; in comparison to those patients with lesser degree of hyperfiltration, who may have had a slower course, with lesser risk for ESRD. Variations in the rate of GFR decline in patients with type 2 diabetes with nephropathy have been described before in previous studies, ranging from 0.36 mL/min/1.73m^2^/year among the Japanese population[@ref11] to 4.7 mL/min/1.73m^2^/year among Brazilian subjects.[@ref19] Several other studies have also suggested an annual decline in GFR within this range.[@ref12][@ref13][@ref18][@ref28] In our study, we showed an average of 3.3 mL/year drop in GFR and even greater among patients who reached ESRD (5.9 mL/year). Again, genetics, race, obesity, glycemic control and use of angiotensin-converting enzyme (ACE) inhibitors in the control of hypertension play an important role in the disparity of GFR drop rates. Furthermore, we have shown in our recently published studies among Saudi type 2 diabetics that renal complications go as high as 32%, although mortality is even higher with associated cardiovascular complications.[@ref8][@ref9]

The presence of persistent proteinuria was a strong risk factor for subsequent loss of GFR, as shown by our findings that 75.6% of our patients had proteinuria and 16.5% reached ESRD, re-emphasizing earlier reports that established the importance of sustained increases in urine albumin excretion in the pathogenesis and diagnosis of diabetic kidney disease.[@ref13]--[@ref16][@ref20] This is considerably higher than the reported rate in diabetic Pima Indians, with 15% progressing to ESRD at approximately 20 years of diabetes.[@ref26] This implies the pathophysiological effect of albuminuria on the future decline in kidney function, much more a risk for loss of kidney function; and eventually ESRD or proteinuria per se may contribute to glomerular and tubulointerstitial lesions, resulting in progressive renal disease.[@ref14][@ref15][@ref20]

In this study, we identified several modifiable variables, including proteinuria, systolic blood pressure and obesity, to be associated with faster progression of renal disease. ACE inhibitors, controlling blood pressure and hypertension, controlling obesity, consumption of low-protein diet and control of blood sugar, can modify these identified factors. Furthermore, our study confirmed and extended the findings dealing with the impact of diabetic retinopathy on the progression of kidney disease in type 2 diabetics.[@ref19] When risk factors for progression in renal disease were evaluated, first--hospital-visit proteinuria was the most consistent independent risk factor for low time period to reach the composite end point of doubling of serum creatinine or the stage of developing ESRD.[@ref28] In our study, first--hospital-visit proteinuria was also associated with increased all-cause mortality. Surprisingly, though, we found no significant differences in the prevalence of cardiovascular diseases and stroke between progressors and non-progressors, we believe that those patients who did not progress had been in longstanding advanced CKD stage ([Table 2](#T2){ref-type="table"}). Furthermore, in our study, systolic but not diastolic blood pressure was associated with increased progression of diabetic nephropathy, which is in accordance with previously published data.[@ref11][@ref19] This is likely due to the fact that type 2 diabetic patients primarily suffer from isolated systolic hypertension. However, our study was not designed to evaluate treatment effects. The renoprotective effects of angiotensin II receptor blockers have been demonstrated in several clinical trials.[@ref7][@ref11]

In conclusion, diabetic nephropathy among Saudis tends to be progressive with GFR decline at a rate of 3.3 mL/year with doubling of serum creatinine. Persistent proteinuria, duration of diabetes \>10 years, uncontrolled systolic blood pressure (\>130 mm Hg) and presence of retinopathy predict progression of nephropathy.
